Hand, foot, and mouth disease (HFMD) is a common infectious disease caused by multiple enteroviruses (EVs) in China. To better define the etiologic agents and clinical characteristics of HFMD, we conducted this study in Yunnan, China.
Introduction
Hand, foot, and mouth disease (HFMD) is a common infectious disease in China, which mainly affects children younger than 5 years. [1] [2] [3] [4] [5] The symptoms are generally mild and self-limiting. A few patients may develop severe complications, including encephalitis, pneumonia, myocarditis, brain-stem encephalitis, and acute flaccid paralysis. [6, 7] HFMD is caused by more than 20 different enteroviruses (EVs), particularly enterovirus 71 (EV71) and coxsackievirus A16 (CA16). Other EVs including CA2, 4, 5, 6, 8, and 10, CB1-5, also result in HFMD pathogenesis with diverse clinical manifestations. [4, 8, 9] EV comprises more than 100 serotypes, all of which belong to the genus Enterovirus and the family Picornavirus. These viruses are characterized by a single positivestrand 7.4 kb genomic RNA with a long open reading frame that encodes 4 structural proteins [viral protein 1 (VP1) through VP4] and 7 nonstructural proteins (2A, 2B, 2C, 3A, 3B, 3C, and 3D). VP1 is the immunodominant protein of the picornavirus capsid and contains serotype-specific information. Thus, the VP1 has been used for virus serotype identification and molecular epidemiology. [5, 10, 11] Since 2008, more than 1 million cases have been reported annually in mainland China, with more than 100 deaths per year. Yunnan is a major tourism province located in Southwest China, with a typical subtropical plateau monsoon climate. More than 80,000 cases presenting with HFMD are reported each year. It, however, remains unclear whether the epidemic of HFMD in Yunnan is like that in the rest of Southwest China. Here we report the etiology and clinical characteristics of hospitalized children with HFMD in Yunnan, China. These results help further understand the molecular epidemiological features of HFMD and EV infection in Southwest China.
Subjects and methods

Subjects and sample collection
From January 1 to December 31, 2010, 1280 stool specimens were collected from children admitted with HFMD to a pediatric hospital in Yunnan, China. Stool samples were collected during the acute phase of the illness and sent to our laboratory within 24 hours. During this time, the clinical data of all patients were gathered including age, sex, and clinical symptoms. All stool samples were stored at À80°C. This work was supported by the Basic Research Projects of Yunnan Province, China and Chinese Academy of Medical Sciences Initiative for Innovative Medicine.
RNA extraction and amplification
To identify the EV serotypes associated with HFMD, a nested polymerase chain reaction (PCR) was performed as previously reported. [11] Briefly, 1 g of stool was suspended in 5 mL of phosphate-buffered saline, and the suspensions were centrifuged at 3000 Â g for 30 minutes at 4°C. The supernatant was collected and stored at À80°C. Viral RNA was extracted using a QIAamp Viral RNA Mini Kit (QIAGEN, Valencia, CA) as per the manufacturer's instructions. The partial VP1 gene sequences of EV were amplified by nested reverse transcription PCR, using PrimeScript One Step RT-PCR Kit Ver.2 (TakaRa, Dalian, China) and 2ÂTSINGKE Master Mix (TSINGKE, Beijing, China) as described previously. [12] 2.3. Sequencing and molecular typing All positive PCR products were sequenced directly using an ABI 3730XL automatic sequencer (Applied Biosystems, Foster City, CA) and all sequences were analyzed using the Enterovirus Genotyping Tool for serotyping. [13] 
Statistical analyses
All statistical analyses were performed using the Statistic Package for Social Science (SPSS) 20.0 software (IBM, Ammonk, N.Y.). The data were statistically analyzed by chi-square test and t test, and the statistical significance was defined as P < .05.
Phylogenetic analyses
Phylogenetic analyses of the 4 predominant serotypes EV71, CA16, CA10, and CA4 were performed using Molecular Evolutionary Genetic Analysis (MEGA) version 7.0 software (http://www.megasoftware.net/) applying a neighbor-joining method with 1000 duplicates. Reference sequences were obtained from GenBank.
The sequences of the EV described in this study were deposited in the GenBank database under the accession number: MF150562-MF150639.
Results
Among the 1280 patients, 541 (42.27%) were general patients, 709 (55.39%) had severe clinical manifestations, 26 (2.03%) were critically ill, and 4 (0.31%) died. Patients' age ranged between 4 months and 13 years; the mean age was 2.60 ± 1.41 years. The sex ratio was 1.66:1, with 799 boys and 481 girls. The median hospital stay was 8.96 days. Although HFMD cases occurred during the year, a seasonal increase in HFMD cases was observed in May, accounting for 20.7% of all cases, and there was a small increase in November, with the greatest number of severe cases occurring in June (Fig. 1) .
The examination of stool specimens from these 1280 patients revealed the presence of EV in 1115 cases (87.1%). Among these 1115 patients, there were 376 general patients, 709 severely ill patients, 26 critically ill patients, and 4 deaths. Further VP1 sequencing and molecular typing showed that all sequences obtained were assigned to 17 different EV serotypes (Table 1) . CA16 was the most frequently detected serotype (615/1115, 55.1%), followed by EV71 (392/1115, 35.2%), CA10 (45/1115, 4.0%), and CA4 (23/1115, 2.1%). Among the 709 severe cases, CA16, EV71, CA10, and CA4 accounted for 48.0%, 42.0%, 3.5%, and 2.3%, respectively (P < .0001). In addition, another 13 EVs also resulted in severe clinical manifestations. Of the 26 critical cases, 13 were caused by EV71, 9 by CA16, 2 by CA4, and 1 each were the result of CA10 and E9. Two deaths were the result of EV71 infection, whereas CA16 and CB2 caused 1 death each.
EV71 infection more often results in meningoencephalitis and hyperarousal (P < .0001), whereas CA4 is more likely to cause fever, vomiting, and convulsion. For CA10, the male/female ratio of patients was highest, where it reached 2.21:1. Moreover, the 26 critical cases frequently showed coma and/or convulsions ( Table 2) .
Phylogenetic analyses showed that EV71 viruses belonged to the C4a subgenotype, CA16 viruses belonged to the B1a genotype, CA10 viruses belonged to the G genotype, and CA4 viruses were assigned to the C genotype (Fig. 2) , and the EV71, CA16, CA10, and CA4 strains were highly homologous with the strains isolated from mainland China.
Discussion
In this study, the epidemiological characteristics of the HFMD epidemic in Yunnan province of China showed some similarities with previous reports. [2, 6, 14] The occurrence of HFMD had apparent seasonal distribution in Yunnan, China. The number of HFMD cases reached a maximum in May; we also observed a small increase in November, which is a common phenomenon in the southern provinces. [3, [15] [16] [17] This may be due to the different climate conditions between the southern and northern provinces of China. [4, 15, 16] In addition, the mean age of all hospitalized pediatric patients was 2.60 ± 1.41 years old and 76.87% of all reported HFMD severe and critical cases were younger than 3 years old, which is also consistent with the reports from other countries and regions. [18] [19] [20] [21] Most patients with HFMD need to be transferred to a comprehensive hospital, in which patients with HFMD might be timeously diagnosed and treated, and thus decreasing the risk of severe HFMD. [22, 23] Thus, these pediatric patients should be targeted as the main population in any prevention program.
In addition to EV71 and CA16, other EVs, including CA4, CA6, CA12, and CB3, are also associated with HFMD and cocirculated in outbreaks and sporadic cases. [14, 16, 19, 20, 24] In the present study, we identified 17 serotypes of EVs, including EV71, CA16, CA10, CA4, CA2, CA5, CA6, CA8, CA12, CA13, CA24, CB2, CB4, E9, E11, E16, and E30, from stool samples of patients hospitalized for HFMD in Yunnan, China. Of these, CA16 was the most frequently detected serotype, followed by EV71, CA10, and CA4. However, in Yunnan, during 2016, 11 serotypes were identified from hospitalized patients with HFMD with serious symptoms. Of these serotypes EV71 was the most frequently identified, followed by CA16, CA6, and CA10 (data not shown). In Suzhou, EV71 was the most frequently detected serotype, followed by CA16 in the period from January 2008 to December 2013. [25] From May 2010 to April 2011 in Shanghai, EV71 was predominant, followed by CA10, CA6, and CA16 in admitted patients with HFMD. [26] In Beijing, the most commonly detected serotype from hospitalized children was CA6, followed by EV71 in 2013. [27] Since 2013, CA6 has displaced EV71 and CA16 to become the prevalent pathogenic serotype in HFMD cases in some provinces of China and elsewhere. [28] [29] [30] The prevalent serotypes were, however, different in hospitalized and not hospitalized children. [31] In addition, the causative agents of HFMD often overlap with those of aseptic meningitis including CB3, CB5, E9, and E30, which are often associated with outbreaks of aseptic meningitis in China. [32] [33] [34] [35] [36] [37] This is not unexpected as EVs have long been identified as the main agents of aseptic meningitis. [12, [38] [39] [40] [41] Thus, it is possible that some of these serotypes may become predominant in HFMD in the future and we should pay special attention to the EVs associated with aseptic meningitis.
EV71 has been identified as the most prevalent serotype causing severe and critical cases of HFMD, and CA16 is thought to be associated with mild HFMD and self-limited symptoms. There have been reports of CA16, CA10, and CA4 being associated with severe HFMD independently of EV71. [5, 29, 30, 42] In the present study, we found that CA16 was the prevalent serotype causing severe and critical cases of HFMD, rather than EV71, this kind of preference may be limited to specific populations. In addition, other serotypes including CA4, CA10, and E9, were also associated with severe and critical cases. In particular, CB2 and CA16 had a strong association with fatal cases. It, however, remains difficult to distinguish between these serotypes in the clinical context. Long-term attention should also be paid to preventing infections with serotypes other than EV71 and CA16 in the future. In addition, for the age distribution of the children with HFMD, there were no significant difference among the positive rate of EV71, CA16, CA10, and CA4. As for disease severity across the EV strains and symptoms in different age groups, there was also no statistically significance. We, however, found that fever (>38°C), oral ulcer, and hand and foot rash were the most frequent symptoms for hospitalized pediatric patients. And limb sharking, startle, and vomiting were the most frequent severe symptoms for children aged 1 to 2 years. Meningoencephalitis was frequently observed in patients infected by EV71. Thus, the duration of fever 3 days (>38°C), EV71 infection, limb sharking, startle, and vomiting are risk factors for severe HFMD, which is also consistent with the previous report.
[ 43] When the VP1 sequences from the predominant EV71, CA16, CA4, and CA6 strains isolated from other provinces of China where compared, there were no characteristic mutations and all Yunnan isolates belonged to the corresponding predominant genogroups, respectively. This indicated that those predominant genogroups are relatively stable and could form the basis for preventative programs in China.
Thus, surveillance of the etiology might help with predicting potential outbreak serotypes and aid in effectively developing related vaccines, except the EV71 vaccine. In addition to the host and natural factors, including young age and a confirmed Table 1 The pathogens identified in patients with hand-foot-mouth disease in Yunnan, China, 2010. Table 2 Comparison of the demographic and the clinical data from patients infected with different enteroviruses. 
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